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WE CLAIM: 



1. In an atomic force microscope including at least one 
cantilever mounted therein and an optical detector, the improvement, for 
405 generating a small incident beam\ spot, comprising: 

an optical system including a light source and means for 
producing a focused incident beam; and 

means for directing said focused incident beam onto said 
cantilever to reflect therefrom to sa\d^^ector; 
410 said opticefl system having a numerical aperture sufficient with 

the wavelength of ligh/from said ligm source wherp^said focused beam 
forms a spot on said cantilever having^ a size 9f^ /Ltm or less in at least one 
dimension. 

415 2. "rtie atomic fo/ce n^croscope of Claim 1 in which said 

cantilever has a length of less than 30 /xi 

3. The atomic force microscope of Claim 1 including 
means for defining an aperture in the pathlof said incident beam and means 

420 for adjusting the size of said aperture whereby to control the size of said 
incident beam spot on said cantilever. 

4. The atomic force microscope of Claim 1 including 
means for defining an aperture in the path of said incident beam and means 

425 for adjusting the shape of said aperture wheretr/ to control the shape of said 
incident beam spot on said cantilever. 

"p, 



The atomic force microscope of Claim 1 in which the 
components xxLsaid optical system are arranged so that at least portions of 
430 said incident and reflected beams overlap, and including means for 

separating said reflected beam from said incident beam and directing said 
separated reflected beam to said detector. 
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^ The atomic force microscope of Claim;5 Hn which said 
separating means comprises a polarizing beamsplitter in the path of said 

435 incident and reflected beams arranged to pass light having a first 

polarization direction and to reflect light having a second polarization 
direction, and including means located between said beamsplitter and said 
cantilever, in the path of said overlapping beams, for converting at least a 
portion of said reflected light beam into said second polarization direction. 

440 \^ The atomic force microscope of clainlyS in which said 

converting means comprises a quarterwave plate that elliptically polarizes 
the incident beam and linearly polarizes the reflected beam. 

The atomic force microscope of Claim^including a 
445 polarizer in the path of said incident beam but outside the path of said 
overlapping beams arranged to pass light having substantially only a first 
polarization direction, said separating means comprising a beamsplitter in 
the path of said incident and reflected beams arranged to pass light having 
said first polarization direction and to reflect light having a second polariza- 
450 tion direction and means located between said beamsplitter and said 

cantilever, in the path of said overlapping beams, for converting at least a 
portion of said reflected light beam into said second polarization direction. 

^ The atomic force microscope of Claim^in which said 

455 converting means comprises a quarterwave plate that elliptically polarizes 
the incident beam and linearly polarizes the reflected beam. 

10. The ^!^jmc force microscope of Claim 1 in which said 
means for directing said Ancidepr beam onto said cantilever comprises a 



460 lens disposed to focus sal 



ncident beam to a spot on said cantilever, and 



including means confocal with said lens for viewing the location of said spot. 

-If Tj- 

/ The atomic force microscope of Claim Jl^ vcv which at 

least portions of said incident and reflected beams and said viewing means 
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465 share a common optical path. 

If. 

The atomic force microscope of Claim^H in which said 
light source is a source of coUimated light and the optics of said viewing 
means is infinity-corrected. 



470 



^ The atomic force microscope of Claini]!^' in which said 

viewing means includes a translatable lens in said common optical path 
whereby translation thereof to focus the image of the cantilever in the 
viewing means results in focusing the incident beam in the plane of the 
475 cantilever. 

1' 

The atonic force microscope of Claim 1 including 
means for disposing the plane of the focus of the incident beam coincident 
with the plane of said cantilever. 
480 ;f f 

J^. The atomic force microscope of Claim;i4 in which said 
focus plane disposing means comprises at least one focusing lens disposed to 
focus said incident beam onto said cantilever and means for tilting said 
focusing lens until the plane of focus thereof is coincident with the plane of 
485 the cantilever. 

jd. The atomic force microscope of Claim ^ in which said 
focus plane disposing means comprises at least one focusing lens disposed to 
focus said incident beam onto said cantilever, the optical axis thereof being 
490 disposed to be perpendicular to the plane of said cantilever. 

Ju. The atomic force microscope of Cleiim 1 having a 
plurality of cantilevers and including means for shifting the focus spot of 
said incident beam from one cantilever to another and means for disposing 
495 the plane of the focus of the incident beam coincident with the plane of at 
least one of said plurality of cantilevers whereby said incident beam will be 
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substantially in focus with the cantilever to which the focus spot has been 
shifted. 

500 The atomic force microscope of Claim 1 having 

removably mounted therein a module to which said cantilever is mounted, 
and including a focusing lens mounted on said module and focusing said 
incident beam to a spot on said cantilever. 

505 The atomic force microscope of Claim 1 including at 

least one tapping piezoelectric element, said module being supported 
thereon to facilitate tapping mode operation. 

The atomic force microscope of Claim 0 in which said 
510 module is disposed on a support, said tapping piezoelectric element being 
embedded in said support. 

' The atomic force microscope of Claim 1 in which the 
wavelength of light from said light source is 670 nm and said numerical 
515 aperture is greater than 0.05. 

^\ In an atomic force microscope including at least one 
cantilever mounted therein and an optical detector, the improvement, for 
generating a small incident beam spot, comprising: 
520 an optical system, including: 

a coUimated light source for producing an incident 

beam, 

means for defining an aperture in the path of said 
incident beam, 

525 means for adjusting the size of said aperture whereby 

to control the size of at least one dimension of said incident 
beam, 

a focusing lens disposed to focus said incident beam to 
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produce a focused incident beam, 
530 means for directing said focused incident beam onto 

said cantilever to reflect therefrom to said detector, at least 
portions of said incident and reflected beams overlapping, 

said optical system having a numerical aperture 
sufficient with the wavelength of light from said light source 
535 whereby said focused beam forms a spot on said cantilever 

having a size of 8 /xm or less in at least said one dimension, 

means for separating said reflected beam from said 
incident beam whereby to direct said separated reflected beam 
to said detector, comprising a polarizing beamsplitter in the 
540 path of said incident and reflected beams arranged to pass 

light having a first polarization direction and to reflect light 
having a second polarization direction, and 

a quarterwave plate located between said beamsplitter 
and said cantilever in the path of said overlapping beams, for 
545 elliptically polarizing said incident beam and linearly 

polarizing said reflected beam, whereby to impart said second 
polarization direction to said reflected beam; 
viewing means confocal with said focusing lens and sharing a 
common path with said overlapping incident and reflected beams for 
550 viewing the location of said spot on said cantilever; 

a translatable lens in said common optical path for focusing 
the image of the cantilever in said viewing means, the optical axis of said 
translatable lens and focusing lens being disposed to be perpendicular to the 
plane of said cantilever whereby to focus the incident beam in the plane of 
555 said cantilever; 

a removably mounted module to which said cantilever is 
mounted, said focusing lens being mounted on said module; and 

at least one tapping mode piezoelectric element, said module 
being supported thereon. 

560 



# 



j£dr. The atomic force microscope of Claim^^STin which the 
wavelength of light from said light source is 670 mn and said numerical 
aperture is greater than 0.05. 
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